In this paper, we utilized a multi-criteria methodology to evaluate and select various renewable energy resources from multiple factors for the purpose of sustainable development in China. The main challenge of China's sustainable prosperity is the high consumption proportion of fossil fuels. In 2015, the government issued High Renewable Energy Penetration Scenario and Roadmap Study in the following scenarios: solar, wind, hydropower, biomass, geothermal and nuclear. The purpose of the Roadmap is to achieve the goal of 85.8% of total electricity demand being generated from renewable energy resources by 2050. Selecting the most appropriate one from various renewable energy resources is considered an important and complex process. Multiple qualitative and quantitative factors must be taken into consideration simultaneously from social, economic, technological, and environmental aspects. The ultimate goal of this study is to offer a practical model to deal with energy selection problems in China. Based on the fuzzy VIKOR methodology, this study offers an acceptable procedure for assessing and selecting the best renewable energy alternative. It turns out that the best renewable energy options are wind and biomass energy, followed by solar, geothermal and hydro power.
1.INTRODUCTION
The investment and research of renewable energy (RE) resources has gained extensive interest in the world in recent years. A rising awareness of energy and environmental issues, due to the highly dependence on fossil fuels, is propelling both developing and developed countries to exploit RE resources (Aras et al., 2004; Bhattacharyya, 2012) . The utilization of RE has become a strategic mission in many countries in order to mitigate the reliance on fossil fuels and ensure sustainable development of society (Ascione et al., 2016) . China, as one of the largest energy consumers and importers in the world, due to the distinct resource endowment and growing energy demand, is facing severely problems of energy security and environmental pollution simultaneously. According to government statistics, the total primary energy consumption of China was 4.26 billion tonnes of coal equivalent during financial year 2014-2015. Energy resources like coal, petroleum, natural gas, hydro and nuclear power, and other types of electricity generation contribute to 65.6%, 17.4%, 5.7%, 8.7% and 2.6% of the total energy consumption. The percentage of petroleum import is approximately 60% in 2015 and will reach 80% by the end of 2030. To deal with the energy and environmental issues, government of China attaches great importance to the exploitation of RE resources and regards the RE as the best alternatives of fossil fuels and the key element for sustainable development of society. In 2015, National Development and Reform Commission of China issued the High Renewable Energy Penetration Scenario and Roadmap Study in the following sectors: solar, wind, hydropower, biomass, geothermal and nuclear. The objective of this report is to reach the goal of 85.8% of total electricity demand being satisfied from renewable energy resources by 2050.
Although China has abundance of RE resources and many policy supports are applied in RE development process, the low level of RE technologies and the lack of RE evaluation scientifically hinder the utilization of various RE resources. To reach the target of the Roadmap, A comprehensive evaluation of RE resources based on the special national conditions is necessary. The intension of this study is to present an effective framework to assess and select the most appropriate RE resource in China.
The selection of various RE resources is a complex issue (Mazzeo et al., 2015) . Multiple qualitative and quantitative attributes must be considered from various aspects. The complexity of evaluation factors makes Multi-Criteria Decision Making (MCDM) analysis a valuable tool in RE selection process (Stein, 2013; Daim, 2009) . VIKOR, which is also called Compromise Ranking Method, is a practical approach in multiple attributes decision making process, which can synchronously judge the perfect and anti-perfect solutions (Opricovic and Tzeng, 2004; Opricovic and Tzeng, 2007) . Besides, because of the vagueness and indeterminacy of information and the preference of different individuals, it's necessary to consider multiple criteria decision making problems in an uncertain and vagueness condition. Therefore, the fuzzy sets theory, proposed primarily on the assumption that human feelings are linguistic variables instead of exact numbers, is an appropriate methodology (Bellman and Zadeh, 1970; Ribeiro, 1996) . In recent years, the combined fuzzy set theory and VIKOR methodology is widely utilized in an array of different areas for addressing multiple criteria decision making issues. Table 1 summarizes some of these studies and their research scopes. However, the application of the fuzzy VIKOR method in RE resources selection process is limited. The primary intention of this study is to utilize the fuzzy-based compromise VIKOR methodology to prioritize and rank RE resources in order to facilitate proper investment and planning for sustainable prosperity in China. The rest of this study is presented as follows. Section 2 summarizes some earlier literatures that have used MCDM approach for RE selection issues. Section 3 analyzes the procedures of fuzzy VIKOR methodology.
Section 4 utilizes the proposed methodology to deal with RE resources selection problem in China. Section 5 presents the conclusions.
MCDM TECHNIQUES FOR RE SELECTION
Multi-criteria decision making (MCDM) is a very popular assessment approach to solve complicated problems comprising high uncertainty and various influential factors. In recent years, several multi-criteria decision making tools are utilized to settle RE evaluation and selection problems, including AHP, ANP, TOPSIS, ELECI'RE, VIKOR. We briefly review the application scenarios of these methods below as important references for the design of our own approach. Mardani et al., (2015) Lanjewar et al., (2016) integrated the graph theory and Analytic Hierarchy Process to evaluate and rank the following conventional and renewable energy systems: gas turbine system, wind energy system, photovoltaic system, phosphoric acid fuel cell, and solid oxide fuel cell. The attributes identified are as follows: efficiency, electricity cost, capital cost and lifetime. Wu et al., (2016) proposed a combined life cycle assessment and MCDM approach to assess and rank the best RE alternatives from several wind turbines systems and photovoltaic systems in Taiwan. Criterion identified are as follows: average generation cost, energy gained ratio, land use and global warming potential.
PROPOSED FUZZY VIKOR METHOD

Fuzzy set theory
Fuzzy set theory, which was first utilized by Bellman and Zadeh (1970) , is a mathematical model which can be employed to analyze the uncertainty and preference of human perception. A fuzzy set can be defined by a membership function with an interval value between [0, 1].
Figure 1. A triangular fuzzy number
A triangular fuzzy number (TFN), which is denoted asa =(l 1 ,m 1 ,u 1 )withl 1 <m 1 <u 1 , depicted in Figure 1 , has the following triangular membership function:
where m 1 refers to the median value, l 1 and u 1 refer to the lower and upper bounds.
The operational rules of TFNsa =(l 1 ,m 1 ,u 1 )and b =(l 2 ,m 2 ,u 2 ) are as follows:
Proposed procedures of fuzzy VIKOR method
In this section, the fuzzy VIKOR approach will be utilized to provide a systematic process for the RE selection. This selection issue can be depicted as follows: 4. Assuming that a set of utility ratings of
The primary procedures of the proposed fuzzy VIKOR approach is presented below.
Step 1: Define appropriate linguistic variables and the corresponding triangular fuzzy numbers. In fuzzy VIKOR, linguistic variables are utilized by decision makers to weigh the criteria and the alternatives with respect to criteria, as presented in Table 2 and  Table 3 .
Table 2 Linguistic variables for criteria weights
Linguistic terms Fuzzy scores
Extremely low (EL) (1/3, 2/5, 1/2) Very low (VL) (2/5, 1/2, 2/3) Fairly low (FL) (1/2, 2/3, 1)
Very high (VH) (3/2, 2, 5/2) Extremely high (EH) (2, 5/2, 3)
Step 2: Formulate a fuzzy matrix for the criteria and get an average value for each pairwise comparison by aggregating decision makers' linguistic evaluation. Assuming that the number of decision makers is k, and the value of each pairwise comparison can be calculated as
Wherew ĩ j k is the linguistic weight of the kth decision maker.
Step 3: Calculate the weights of criteria by using extent analysis approach. Since a comparison matrix is able to divide the issues into sub-issues that can be settled easily, we can use the AHP approach to determine the criteria weights. Hence, we will employ the extent analysis approach (Chang, 1996) for this intention. Assuming that C={C 1 , C2,…, Cn}is a criterion set. The values of criteria weights can be calculated as follows.
Let M j (j=1,2,…,n)be TFNs. The value of fuzzy synthetic extent for the degree of possibility of M 1≥M 2 can be calculated as
In this case, n=m since the fuzzy matrix for criteria is a square matrix.
Since M 1 and M 2 are convex fuzzy numbers,M 1= (α 1 ,β 1 ,γ 1 ), M 2= (α 2 ,β 2 ,γ 2 ). The probability of M 1≥M 2 can be calculated as
And can also be defined as
Whered refers to the ordinate of the highest intersection point between 1 and 2 . To make a comparison between M 1 and M 2, the values ofV (M 1≥M 2)and V (M 2≥M 1)need to be considered simultaneously. The probability for a convex fuzzy number to be larger than p convex fuzzy numbers (M j,j=1, 2,…,n) is defined as
Therefore, we can obtain the weight vector
And the weight vector can be calculated by normalization.
Step 4: Calculate the fuzzy weighted average and construct the standardized fuzzy matrix. Assuming that there are k decision makers, the ratings of alternatives can be obtained in Eq. (12):
Where refers to the rating of kth decision maker for the ith alternative with respect to jth evaluation criterion.
Based on the results of the evaluation criteria weights and ratings of alternatives, we can convert the fuzzy multiple attributes problem into a fuzzy matrix.
where is the rating of alternative with respect to criterion , and j w is the importance weight of .
Step 5: Calculate * , − , and .
Where * refers to the fuzzy best value and − refers to the fuzzy worst value. refers to the with respect to all criteria calculated by the sum of the distance for the fuzzy best value, and refers to the A i with respect to the jth criterion, calculated by maximum distance of fuzzy worst value.
Step 6: CalculateS ̃*,S ̃-,R ̃*,R ̃-and Q ĩ.
Here, S ̃*refers to the minimum value ofS ĩ, andR ̃*refers to the minimum value ofR ĩ. Besides, v here is often considered to be 0.5 (Kaya and Kahraman, 2010) .
Step 7: Remove the fuzziness of triangular fuzzy numberQ ĩ, S ĩ, R ĩ.There are various defuzzification methods being able to turn a fuzzy number into a real number. Here, the graded mean integration methodology (Yong, 2006 ) is utilized for this aim. A fuzzy number C = (c 1 , c 2 , c 3 ) can be converted into an exact number by utilizing the following equation:
Finally, the index Q i ,S i ,R i can be calculated after defuzzifying Q ĩ,S ĩ,R ĩ, we then rank the alternatives by the values of Q i . The ranking rule of Q i is the smaller the better.
Step 8: Determine the best compromise proposal. Assuming that two requirements shown below are achieved, we can determine the a'as best option by ranking the index Q i .
R1. Acceptable superiority:
Wherea''refers to the second alternative by ranking Q i , m indicates the number of alternatives.
R2. Acceptable consistency: under this requirement, the alternative a' must be ranked the first with the minimum of S (a')and/orR (a').
If one of these requirements is not acceptable, we can determine a compromise proposal:
(1) Alternatives a' and a'' if the requirement R2 is not confirmed, or 
AN APPLICATION: RENEWABLE ENERGY RESOURCES SELECTION FOR CHINA
China has abundance of renewable energy resources, which is potential of decreasing the reliance on fossil fuels and ensuring sustainable development of society. Therefore, the government formulated a series of policies and planning to propel the development of renewable energy technologies and projects. According to the High Renewable Energy Penetration Scenario and Roadmap Study announced by National Development and Reform Commission of China in 2015, we selected five RE resources considered in this paper: solar energy (A 1 ), wind energy (A 2 ), hydro power (A 3 ), biomass energy (A 4 ), and geothermal energy (A 5 ). These are all mature technologies having tremendous potential for the country.
The structure of the renewable energy resources selection issue is shown in Figure 2 .
Figure 2. The hierarchical structure for RE resources selection
Among the list of criteria given in Table 1 , nine criteria are identified to have important impact on energy selection issue. Descriptions of these criteria are presented below in Table 4 .
After identifying the evaluation criteria and the alternatives, the procedures of the fuzzy VIKOR approach is executed. Table 2 shows a nine point scale which is utilized by three decision makers to compare the relative significance of the evaluation criteria. The comparative results for each criteria are shown in Table 5 . Next, based on Tables 3 and  Table 5 , we can obtain the fuzzy matrix for the criteria weights in Table 6 . In order to check the consistency ratio (CR) of the fuzzy matrix (Kahraman et al., 2003) , the graded mean integration methodology (Yong, 2006) is employed for removing the fuzziness of evaluation matrix. According to the Eq. (19), the fuzzy evaluation matrix can be transformed into a crisp evaluation matrix. The final value of CR is 0.027 and is less than 0.10, which means that the evaluation matrix is consistent. (5, 7, 9) Good (G) (7, 9, 10) Very good (VG) (9, 10, 10) Operation cost indicates the salary for employees, the funds for energy and relative spending of products and services for the running of systems.
Maintenance cost refers to the funds spent for prolonging energy system life. Environmental NOx emission (C 5 )
NO and NO 2 can lead to air contamination, acid rain pollution and climate variation in the world. CO 2 EMISSION (C 6 ) CO 2 is the principle factor of the global climate change, which contributes 10-30% to the greenhouse effect. CO 2 is primarily released from fossil fuels. Land use (C 7 )
Energy systems account for a large number of land, which is an important matter and must be considered. Social Social acceptability (C 8 )
Social acceptability refers to the acceptance of energy systems by local government and residents.
Job creation (C 9 )
Energy systems can benefit the local residents by offering them many job opportunities. Therefore, the local government pays high attention to the job creation of energy systems and regards it as an important factor for selection and evaluation of energy systems. Then we can obtain the weight vector of nine criteria by using Eq. (8) - (11). Table 7 shows the normalized weight vector.
In the next step, we can utilize the proposed fuzzy VIKOR procedure to determine the suitable energy alternatives. Three energy planning experts are invited to assess the selected RE alternatives with respect to each criteria using the linguistic variables shown in Table 3 . To simplify the operational process, all the energy criteria are considered as benefit criteria (Kaya and Kahraman, 2010) . Table 8 gives the assessment results made by the appointed experts. Then we can obtain an evaluation matrix by calculating the average value of evaluation results, shown in Table 9 .
In addition, by utilizing Eq. (14), we can obtain the fuzzy best values and fuzzy worst values, which are shown in Table 10 . By using Eqs. (15)- (17), the valuesS ĩ, R ĩ, S ̃*,S ̃-, R ̃*andR ̃-can be calculated, which are shown in Table 11 and Table 12 .
With Eq. (18) and (19), the values Q ĩ, S ĩand R ĩ are impetrated and defuzzified, which are shown in Table 13 .
Finally, we can obtain a compromise proposal. As shown in Table 14 , the alternative A 2 is the best rank byQ i , and A 2 is best ranked by S i or R i , which means that requirement R2 is satisfied. Besides, by using Eq. (20), we can obtain:
Q(a'' )-Q(a' )=0.14≤1/(5-1),Q(a''' )-Q(a' )=0.259≥1/(5-1)
Which means the requirement R1 is not conformed. Therefore, we can obtain a compromise proposal including A 2 and A 4 .
According to the values of Q i , the ranking of renewable energy alternatives in descending order is A 2 , A 4 , A 1 , A 5 , A 3 . The compromise proposal of RE resources selection is A 2 (wind energy) and A 4 (biomass energy), followed by solar energy (A 1 ), geothermal energy (A 5 ) and hydro power (A 3 ). (7,9,10) (3,5,7) C 3 (7,9,10) (3.67,5.67,7.67) C 4 (7.67,9.33,10) (1.67,3.67,5.67) C 5 (8.33,9.67,10) (1,3,5) C 6 (9,10,10) (0,1,3) C 7 (7.67,9.33,10) (1,3,5) C 8 (9,10,10) (3,5,7) C 9 (6.33,8.33,9.67) (3,5,7) 
CONCLUSIONS
Selecting the best from various renewable energy resources is a complex issue with various factors considered simultaneously. Traditional single-criterion decision making approaches could not deal with this issue. Besides, due to the uncertainty and vagueness of quantitative criteria, it's suitable to present the judgements of energy decision makers using linguistic variables instead of exact numbers. Therefore, the fuzzy VIKOR method, which can deal with multiple attributes problems under the background of vagueness and uncertainty, is an appropriate methodology to handle this selection problem.
This study utilized fuzzy VIKOR approach to assess and prioritize five types of RE resources for China. An evaluation of solar energy, wind energy, hydro power, biomass energy and geothermal energy was determined with respect to technical, economic, environmental and social aspects. These aspects were subdivided further into clusters of nine criteria which was utilized to evaluate each RE alternative. The fuzzy VIKOR prioritization model finally shows that the wind energy and biomass energy are the best alternative among other renewable energy resources in China, followed by solar energy, geothermal energy and hydro power. It was recommended that the country should invest wind energy and biomass energy technologies prior to other RE alternatives, which would significantly improve the investment benefits and promote the sustainable development of society.
In the future research, further quantitative and qualitative criteria can be added in this analysis. In addition, due to the effectiveness of the fuzzy-based MCDM approach utilized to solve multiple criteria problems, we will utilize different multiple attributes methodologies, like fuzzy TOPSIS, fuzzy ELECTRE or fuzzy PROMETHEE, to deal with similar energy issues for comparison. 
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